Background-Smartphone applications can potentially provide recovery monitoring and support in real-time, real-life contexts. Study aims included determining feasibility of: a) Adolescents completing ecological momentary assessments (EMA) and utilizing phone-based ecological momentary interventions (EMI); and b) Using EMA and EMI data to predict substance use in the subsequent week.
INTRODUCTION
The 20,175 (17% of all admissions in the U.S.) adolescents admitted to residential substance use treatment are typically among the most severe in terms of both substance use disorders and co-occurring problems. Yet 77 % complete less than the 90 days of treatment recommended by experts, and 50-70% relapse within the first 90 days after discharge from residential treatment [1] [2] [3] [4] [5] [6] . While continuing care and recovery support services after residential discharge have been demonstrated to reduce relapse 4, [7] [8] [9] [10] and are recommended by expert groups 5, 11, 12 , only 18% of the youth discharged from publicly funded treatment receive aftercare; even fewer access recovery support services 6 . One promising way to address this service gap is the use of smartphones to: 1) Teach adolescents how to better self-monitor risk and protective factors associated with relapse, and 2) Provide adolescents with immediate interventions that remind them of their motivation for recovery, prompting them to seek support from others, distract themselves from urges or cravings, and connect with others in pro-social ways 8 .
The use of smartphone technology and the Addiction Comprehensive Health Enhancement Support System (ACHESS) has been demonstrated by Gustafson and colleagues to help reduce risky drinking days among adults discharged from residential treatment, 13 but has not yet been used to provide recovery support for adolescents post-treatment. Study aims included determining feasibility of: a) Adolescents completing ecological momentary assessments (EMA) and recovery support ecological momentary interventions (EMI) via smartphones; and b) Using EMA and EMI data to predict substance use in the subsequent week.
METHODS

Recruitment and Design
Adolescents were recruited from residential treatment between November of 2012 and April of 2013. Over a 6 week period, adolescents were provided a smartphone with an unlimited calling/data plan, the study's mobile applications, and training on how to use them. They were then asked to: a) complete a 2-3 minute EMAs at 6 randomly prompted times per day, b) meet with research staff at the research office twice during each 7 day period and provide a urine sample, and c) return the phone in its original condition. Adolescents could earn up to $50 per week for completing all study requirements, which included answering at least 5 of the 6 EMAs per day, providing a urine sample and meeting with research staff twice a week in the research office. If an adolescent missed more than 2 EMA's in a 24-hour period, research staff would contact him/her to determine if there were technical issues with the phone. Phones were preinstalled with all phone and web applications to support the EMAs and a suite of recovery support EMIs that were available 24/7. Participation was voluntary, requiring both the assent of the youth and parental consent. The study was conducted in accord with the Helsinki Declaration of 1975 and under the supervision of Chestnut Human Subject Institutional Review Board (IRB).
Eligibility
Eligibility criteria for the current pilot included: a) discharge from residential treatment (regardless of discharge status or length of stay), b) being age 18 or under at the time of recruitment, and c) assent to participate from the youth, plus consent to participate from a parent or guardian. Of the 43 adolescents meeting the first two criteria and invited to participate, 32 (74%) agreed to participate in the pilot study and showed up for training. Participation was terminated early for 3 adolescents: the first was unable to attend both trainings, the second became frustrated with the software problems that occurred and chose to withdraw early, and the third was incarcerated during the 6 week period of the pilot and was not released before the end of the 6 week period. Of those who initially agreed to participate, the remaining 29 (90%) completed all requirements for both trainings and the pilot.
Instruments and Other Data Sources
At the beginning of the pilot, participant characteristics and clinical problems were collected using the Global Appraisal of Individual Needs -Quick version 3 (GAIN-Q3) 14 . For adolescents (n = 10,625), the GAIN-Q3's 53 item total disorder screener has excellent internal consistency (Cronbach's alpha=.90), is highly correlated (r=.96), and also predictive (Area under the curve [AUC] =.99), with the 220 item total disorder scale in the full GAIN. The GAIN-Q3's nine 4-10 item short screeners (school, work, stress, health, HIV risk behavior, internalizing mental health, externalizing mental health, substance use, and crime/ violence) were selected based on a Rasch measurement model, so that while the short screeners only have fair to good internal consistency (alpha .56 to .79), they are highly correlated (r=.86 to .92) and predictive (AUC=.92 to .98) of the interpretative cut points in the respective 8 to 43 item longer versions in the full GAIN. In each case, having over 90% of the people self-reporting 0 symptoms on a given screener do not have a problem on the corresponding full GAIN measures and over 90% of the people self-reporting 3 or more symptoms on the screener have a problem on the corresponding full GAIN measure. Of those reporting 1-2 symptoms, about half have problems on the full measure and half do not.
The EMAs which adolescents were asked to perform 6 times a day incorporated several items modeled after ones used by Epstein and colleagues 15 and are available from the authors. All EMA questions referenced the "past 30 minutes" and content focused on the adolescent's current feelings, activities, and location, as well as on the persons present. Adolescents were also asked to rate the degree to which the internal and external factors they endorsed made them want to use drugs or alcohol, supported their recovery, or had no impact. Respondents were also asked about their ability during the past 30 minutes to resist using drugs and alcohol, the extent of their cravings, and exposure to drugs, alcohol, or illegal activity. Positive ratings (supporting recovery, self-efficacy) were reversed and combined with negative ratings (e.g., making you want to use alcohol or drugs, access, craving, pain, withdrawal) to make a unidimensional scale (alpha=.93) ranging from 0 to 100, with higher scores representing greater perceived risk and less perceived support. ACHESS 13 recorded the date, time, location and responses to all EMAs.
The EMIs which adolescents could access at any time included: a) recovery support (discussion groups, support team, reaching out to others via text, listening to recovery stories, on-line self-help meetings, in person self-help meeting locator, linking to sponsor), b) relaxation (guided relaxation, playing games, listening to music, learn/reading, physical exercise), c) recovery motivation (motivational text messaging, recovery words, recovery profiles and pictures), and d) social networking (Facebook, contacting friends). This included all of the EMI previously provided in ACHESS 13 , plus additional links to existing mobile and web applications for on-line self-help, relaxation, games, music, and exercise. ACHESS recorded the date and time that the youth used it to access each of the EMIs.
The urine samples which adolescents were asked to provide twice a week were tested on-site with CLIAA waived QuikScreen cups using an immunochromatographic assay for rapid (2-5 minute) qualitative results based on SAMHSA-standard cutoffs for alcohol (20mg/dL or 0.02% BAC), amphetamine/ methamphetamine (1,000 ng/ml), cannabis (50 ng/ml), cocaine/ benzoylecgonine (300 ng/ml), and opiates/ morphine (2000 ng/ml). Of the 316 urine tests, 33% were positive (32% Cannabis, 3% Amphetamines, 1% Cocaine, 1% Opioid, and 0% Alcohol).
The primary outcomes were time to first alcohol or drug use in the next 7 days (for survival analysis) and any use in the next 7 days (for logistic regression). The date and time of first use was based on the first of the next 42 EMA where they self-report alcohol or drug use, or, the date of the first urine tested that was positive for urine alcohol or drug use. The rate of agreement between the urine tests and self-reports on the EMA were excellent for the past month (Kappa=.70) and past day (Kappa=.57) and are similar to earlier adolescent studies 16, 17 .
Training
Two 4-hour trainings were provided, and adolescents were trained in 5 cohorts by members of the research team. The first training focused on education about recovery support, how to use the study phones, and how to complete the EMAs. Each adolescent was asked to select a 15-hour time period during the day in which they could receive the 6 randomly scheduled EMAs for the 6-week study. The EMAs had to be a minimum of 90 minutes apart or a maximum of 6 hours apart. This schedule provided participants with 9 hours for uninterrupted sleep. Participants had 30 minutes to complete an EMA before it deactivated. The second training focused on EMIs, how they could help with recovery, and procedures for accessing them.
Data Collection
During week one, adolescents completed a 2-3 minute EMA at 6 randomly selected times and participated in 2 one-hour office visits to ensure that they could operate the phone efficiently and complete the surveys. After the second training, adolescents continued to complete the EMAs and could access the EMIs at any time. EMA responses were saved in real-time via a web application, and every webpage or phone application was recorded as it was accessed. The youth also attended two office visits per week to a) check their proficiency on using the smartphone and applications, b) complete a survey and c) provide urine samples. The proficiency check required them to demonstrate the use of any application they had not used 5 or more times in the past week. The 5-minute survey asked about their experience using the phone, completing the EMAs (burden), use of each EMI, and the effectiveness of each EMI. Urine was tested on-site with CLIAA waived QuikScreen cups as described above.
Classification of EMA Observation Risk Groups
IBM's SPSS version 22 Chi-square Automatic Interaction Detection (CHAID) was then used to identify subgroups which best predicted subsequent substance use in the next 7 days. Considering all of the items in the EMA and the summary scale, this analysis revealed three main observation risk groups:
• Current Use (3% of observations): When youth self-reported alcohol or drug use in the 30 minutes prior to the EMA;
• Unrecognized Risk (42% of observations): When youth reported no alcohol or drug use, reported no risk from any internal or external factors, and reported that these factors supported their recovery (i.e., summary score=0); and
• Recognized Risk (55% of observations): When youth reported no alcohol or drug use, but recognized and reported that at least one of the internal or external factors was making them want to use, or less than perfect support for recovery (i.e., summary score =1 to 100).
The order of the risk groups above is ranked based on their actual rates of use in the next 7 days (discussed further in Results section). The patterns across observations is 5 (17%) adolescents with all observations in Recognized Risk Group, 13 (45%) with observations in both the Unrecognized and Recognized Risk, and 11 (38%) that had observations in all 3 observation risk groups. The later includes all of the youth reporting any use during the pilot.
EMI Utilization
The pre-installed Addiction Comprehensive Health Enhancement Support System (ACHESS) application on the smartphone connected users to the ACHESS webserver, other Internet sites, and/or other mobile applications on the phone. The server logged the person, date, time and URL each time adolescents accessed a web page. Multiple URL hits in a short period of time were considered evidence of more active usage. For the predictive analysis, we focused on EMI use during the hour after the referent EMA in order to maintain temporal precedence before the subsequent EMA was used for dependent variables (which per above had to be at least an hour later).
Analyses
All analyses were completed using IBM SPSS version 22. As noted above, identification of sub-groups based on subsequent actual use was done with a series of exploratory CHAID. Time to first-use was analyzed using Kaplan-Meier methods overall, and Wilcoxon (Gehen)
from Life-Tables analysis for pairwise comparisons of sub-groups. Differences in next 7-day use by Observation Risk Groups and EMI utilization were evaluated also by using logistic regression analysis. For all analyses, data were arranged into sequences of 1 week of observations that included a referent EMA (from which all predictors came) and two dependent variables (time to first use and any first use in the next week) calculated from thẽ 42 EMA and 1-2 urine tests in the week that followed it. Thus, any given EMA was used both to predict dependent variables based on the EMA for the week that followed it, and also to help calculate the dependent variables for observations in the week before it. This produced 3,640 overlapping sets of observations for the analysis.
RESULTS
Participant Characteristics
The adolescents were 31% female, 48% African American, 21% Caucasian, 7% Hispanic, and 24% mixed races. There were 28% between 14-15 years of age, 45% were 16-17, and 28% were age 18. Most had a lifetime history of victimization (76%) and involvement with the juvenile justice system (69%). Regarding substance use during the 90 days prior to treatment intake, 41% reported using marijuana, 38% reported using alcohol (31% heavy use), and 7% reported using other drugs. This included weekly use of any substance (21%), marijuana (17%), and heavy alcohol use (3%). The most common major clinical problems were substance use disorders (90%), internalizing or externalizing mental health disorders (83%), school problems (79%), HIV risk behaviors including sexual risk, needle use and victimization (76%), crime or violence towards others (72%), psycho-social stress (69%), physical health problems (65%), and work problems (17%).
Feasibility and Acceptability of Using EMAs with Adolescents
During the first week, adolescents were trained by staff on using the EMA and EMI and were tested to determine proficiency of using the phones, accessing and completing the EMAs, and accessing the EMIs. This testing ruled out the possibility of low utilization rates attributable to lack of skill. During the pilot, adolescents completed 4,860 (89%) of the total 5,460 EMAs. Of the 29 participants, 18 completed over 90% of the EMAs, 10 completed 80-89%, and one completed 77%. In the office visit survey, the majority of adolescents felt that the EMA "was not too long" (95%), "very easy" or "easy to learn how to do" (100%), and that it was "very easy" or "easy to complete 6 EMAs per day" (94%).
Feasibility of Using EMA Data to Predict Risk of Use in the Subsequent 7 Days
Data from this pilot was used to explore ways of combining multiple factors that influence recovery and predict future use (~31% overall). Not surprisingly, substance use in the past 30 minutes (vs. not) was the single best predictor of any subsequent use in the next 7 days (96% vs. 39%; X 2 (1) = 120.45, p<.001). The next best predictor involved combining 20 ratings of internal and external risk and protective factors from the EMA (e.g., people, places, feelings, activities, current use, exposure to substances, pain, withdrawal, craving, ability to resist using). These ratings varied along a common latent dimension for risk of future use (alpha =.93) on a scale of 0 to 100 (no risk /highest support to highest risk /no support). Based on a series of analyses using IBM SPSS's chi-square automated detection (CHAID), the best breaking point on this scale was between those who "Recognized" some risk or limits in their support (scores of 1 to 100) vs. those with "Unrecognized" risks or limits in their support (score=0) (31% vs. 50%; X 2 (1) = 122.06, p<.001). Figure 1 shows the time from the referent EMA to the first subsequent use. The x-axis shows the number of EMAs and average days between the referent EMA and the first EMA in which the participant reported alcohol or drug use during the subsequent 7 days. Separate survival curves are shown for each of the Adolescent EMA Observation Risk Groups. Using Kaplan-Meir life tables, EMA Observation Risk Groups were significantly related to the time to subsequent use (Log Rank Mantel-Cox X 2 (2) = 420.52, p<.001). Weighting by number of surviving observations (e.g., Breslow X 2 ) or the squared number of surviving observations (e.g., Tarone-Ware X 2 ) and all pairwise comparisons of survival curves (e.g., Wilcoxon-Ghen), all are statistically significant at p<.001. Substantively, when adolescents were in the "current use" EMA observation risk group, 96% of the time alcohol or drug use was reported again during the next 7 days (24% of the time at the very next EMA, 65% within approximately one day). For referent EMA where adolescents had not used in the past 30 minutes, the time to first use was longer and the rate of use in the next week was lower after EMAs with Unrecognized Risk (50%) and Recognized Risk (31%). Table 1 shows the percentage of adolescents who used one or more EMIs at any time, followed by the mean number of times per day, week, and over the course of the pilot study. Excluding time in training, 100% of the adolescents accessed EMIs during the pilot. They averaged 23.5 EMIs per day (SD=12.7), which is 162 per week and 847 over the course of the pilot. Adolescents accessed EMIs on 78% of the days, with a third accessing EMIs on 95-100% of the days. The average time spent per access of EMI was just over 3 minutes, with 2.8 minutes for relaxation, 5.2 minutes on recovery motivation, and almost 10 minutes per social network access. Adolescents accessed 2 or more EMIs within one hour of an EMA an average of 27 times during the pilot and 1 or more times per day. This is important because adolescents using 2 or more EMI within an hour of the EMA were significantly less likely than those who did not to use drugs or alcohol within the 7 days, based on self-report or urine tests (32% vs. 43%; odds ratio [OR] = 0.62, 95% confidence interval of 0.52 to 0.74). While the selection of specific EMIs was NOT associated with any additional differences in subsequent use, below we have provided further detail on the contents of what was utilized and how useful youth rated each type of application.
Utilization, Acceptability, and Impact of EMIs
Recovery support (average of 5.7 times per day, 40.1 times per week -see table for SD) was the most commonly used suite of EMIs. This included participation in recovery support discussion groups (3 times per day), reaching out to others (2 times per day), and contacting members of their peer-support team (1 time per day). Though less common, adolescents also listened to recovery story recordings, located self-help meetings via the meeting locator and/or linked to their sponsor. During each office visit, the adolescents were asked to rate the usefulness (1 "not at all useful" to 5 "very useful") of the EMIs which they reported using since the previous office visit. The last column includes the usefulness ratings. All ratings were over 77%, with most over 90%. The slightly lower rating for the meeting locator is likely due to the limited and sometimes dated information available on local meetings via Google and the lack of information on the degree of adolescent involvement in many meetings.
Recovery motivation (3.1 times per day, 21.9 per week) was the second most commonly used suite of EMIs. This included daily motivational messages sent 15 times per week, reviewing their personal profile, which included photos, stories, reminders, and poems that adolescents had identified as recovery supports. All were rated as "useful" or "very useful" by 84 to 100% of those that accessed them.
Relaxation (1.6 times per day, 11.1 times per week) was the third most commonly used suite of EMIs, with guided relaxation tapes being the most frequently utilized (5 times per week). Though they were less commonly utilized, other EMIs included listening to music, playing games, learning/reading and physical exercise. All were rated as "useful" or "very useful" by 96 to 100% of the adolescents.
Social networking (11.1 times per week) was the fourth most commonly used suite of EMIs, with the most common being to access to Facebook (6 times per week) and contacting their friends. Note the standard deviation is much larger than the mean because the utilization of social networks was primarily driven by a subset of the youth. The social networking EMI, phone, text and availability of the browser were rated as "useful" or "very useful" by 76 to 98%.
Note that the rates of using relaxation tapes, music, games and social networking are likely an underestimate, as the web-based ACHESS system only recorded times the adolescent accessed other mobile applications on the phone, web-sites or social networking on the internet from within the ACHESS application. If the youth called, texted, or accessed EMIs without going through ACHESS, the system did not record it.
Interaction of EMA Risk Groups & EMI Utilization
The study addressed whether there was an interaction between EMA Observation Risk Groups and EMI utilization within the subsequent hour and how they were associated with alcohol or drug use over the next 7 days. Table 2 reports the prevalence of use in the next week by risk group (rows) and EMI utilization (columns), along with the respective odds ratios (OR) and their 95% confidence intervals. Bold ORs and confidence intervals indicate significance at p < .01. Relative to the Recognized Risk observations (where youth had not been using and recognized the risks in their environment), there were significantly higher rates of substance use in the next 7 days after observations classified as Unrecognized Risk (OR =2.08) and Current Use (OR = 50.30). Accessing EMIs 2 or more times within one hour of the current EMA significantly decreased the likelihood of using in the next week overall (OR=0.62), within Unrecognized Risk observation group (OR = 0.69) and within the Recognized Risk observation group (OR = 0.54). While it is in a similar direction and magnitude of the second group, the effect within the smaller Current Use observation group did not reach statistical significance.
DISCUSSION
These results demonstrate the feasibility of using smartphones with adolescents to provide recovery monitoring and support services following treatment. Youth successfully completed EMAs 6 times a day to self-monitor the risk and protective factors associated with relapse and utilized a wide range of EMIs delivered via smartphones on a regular basis. Self-reported EMA data could be used to classify observations based on the rate of use in the next 7 days and EMI utilization was associated with reduced rates of use. The fact that over 97% of the observations occurred prior to substance use -means that this approach provides real and timely opportunities for relapse prevention. Moreover, the need to provide youth assistance with self-monitoring is evident in that over half the time, adolescents did not recognize their risks or lack of support for recovery. This highlights the potential value of using EMAs via smartphones to get ahead of relapse and help youth self-monitor their risks. Though only observational, the pilot also provides promising evidence of the potential effectiveness of getting youth to use EMIs to reduce the risk of relapse. To the extent that substance use disorders are a chronic condition, it also helps to establish the value of providing youth with self-management tools.
Relative to the earlier ACHESS study with adults 13 , with adolescents here we achieved higher rates of the "average EMI utilization per day" (8 vs 23 times per day) or "any EMI utilization per day" (41% vs 78% of days). This coincides with an increased investment by Chestnut and ACHESS staff in training, expanded EMI content and high ratings of usefulness. It may also be due, in part, to the change in population and greater amenability to using smartphone by youth. Either way, it is important because in both earlier and this work, higher EMI utilization is associated with reduced use.
It is also important to acknowledge some key limitations of the study, including a relatively small number of youth, recruited from residential programs in one state, followed for a relatively short duration, and the lack of a randomized control group. Thus, it will be important to replicate this study with a larger number of youth, from a more diverse of set of programs, over a longer duration, and in an experimental study. A more subtle limit of the pilot was that when the youth completed the EMA, they were simply "left" at the main menu for the EMI. In future work, we may be able to further increase adolescents' utilization of EMIs by providing them with immediate feedback at the end of the EMA on their risk of relapse and the potential for immediate EMI utilization to reduce risk.
While the use of incentives is common place in research, the use of them here likely impacts the high response rate to the EMAs. A study to look at adherence to EMA without incentives is also warranted.
Finally, while use of urine test results as part of the dependent variable provides an additional unbiased source of information, marijuana (the primary substance the adolescents used) has a long latency (7-30 days) in urine tests and may have potentially inflated the rates of subsequent use. Reanalysis without urine data lowered the total rates slightly, but did not substantively change the pattern of results.
In conclusion, this pilot provides strong support for the feasibility of conducting a larger study that provides recovery support services via EMA and EMI on a smartphone. It now needs to be replicated in a larger randomized trial. Alcohol or Drug Use in the Next 7 Days by Adolescent EMA Observation Risk Group 
